Four species of marine phytoplankton, Karenia mikimotoi (Miyake et Kominami ex Oda) G. Hansen et Moestrup (ax-2) (Dinophyceae), Skeletonema costatum (Greville) Cleve (NIES-324) (Bacillariophyceae), Chattonella antiqua (Hada) Ono (NIES-1) and Heterosigma akashiwo (Hada) Hada ex Hara et Chihara (NIES-6) (Raphidophyceae) were used in the experiments. These strains were clonal and axenic. The NIES strains were obtained from the National Institute for Environmental Studies, Japan. Karenia mikimotoi and S. costatum produce AP under the phosphorus-starved state but C. antiqua and H. akashiwo have no ability to produce AP (Yamaguchi et al. 2004a; H. Yamaguchi unpublished data) . The stock cultures were grown at 20°C under a 14 hr light : 10 hr dark photocycle. Light was provided by cool-white fluorescent illumination (120 mmol photons m Ϫ2 s Ϫ1 ). In all experiments, cultures of K. mikimotoi and C. antiqua were maintained in modified SWM-3 medium based on natural seawater (Imai et al. 1996) . Background inorganic and organic phosphorus concentration in the seawater was consistently less than 0.04 mM and 0.24 mM, respectively. In addition, APHP was not found (detection limit: 0.02 mM). Cultures of S. costatum and H. akashiwo were maintained in ASP 2 -NTA medium (Provasoli et al. 1957) which contains 10% natural seawater in all experiments. The salinity and pH in all cultures were adjusted to 34 psu and 7.8, respectively.
Stock cultures of K. mikimotoi, S. costatum, C. antiqua and H. akashiwo were inoculated into 300 mL flasks, each containing 100 mL of phosphate-replete (ϩP) medium with an initial orthophosphate concentration of over 30 mM. These flasks were pre-incubated for 7 days for S. costatum or for 12 days for the others under the same conditions as for maintaining the stock cultures. After the pre-incubation, ca. 4-7 mL of the cell suspensions were inoculated into two 1-L flasks containing 600 mL ϩP medium or phosphate-limited (ϪP; orthophosphate concentration was less than 1 mM) medium individually. Inoculum size of K. mikimotoi, S. costatum, C. antiqua, and H. akashiwo were adjusted to ca. 1.0ϫ10 2 cells mL Ϫ1 , 5.0ϫ10 3 cells mL Ϫ1 , 1.0ϫ10 2 cells mL Ϫ1 , and 2.0ϫ10 2 cells mL Ϫ1 , respectively. The flasks were incubated under the same conditions as for the pre-incubation. Approximately 30-50 mL aliquots of the cultures were taken at 2 or 3 day intervals and were filtrated through a nuclepore filter (0.8 mm, Whatman) without pressure. Time-courses of cell density, AP activity in cell suspension and filtrate, orthophosphate concentration in filtrate, and percentage of ELF-labeled cells were determined by the following assays.
Cell number (N) was directly counted by using a microscope. AP activity was measured based on the increase in fluorescence intensity of 4-methylumbelliferone (MUF) according to the method given in Yamaguchi et al. (2005) . After being hydrolyzed by AP, nonfluorescent 4-methylumbelliferyl phosphate (MUF-P) produces the highly fluorescent molecule MUF (Hoppe 1983 (Hoppe , 1993 Chróst 1991) . AP activity in cell suspensions (wAP: whole AP activity) and 0.8 mm-filtrates (eAP: extracellular AP activity) was determined and cellular AP activity (cAP) of phytoplankton cell was calculated using the following equation: cAPϭ(wAPϪeAP)/N (N: the total number of cells). Orthophosphate concentration in filtrates was analyzed by the method of Strickland & Parsons (1972) .
ELF-labeling assays were performed by using the procedure of Dyhrman & Palenik (1999) without cell fixation. Because cell fixation by 70% ethanol (Dyhrman & Palenik 1999) with ELF-labeling did not show significant differences in the percentage of ELF-labeled cells between fixed and non-fixed cells (data not shown). A 95-mL aliquot of the cell suspension was incubated with 5 mL of ELF-97 (Endogenous Phosphatase Detection Kit; Molecular Probes) in a 1.5 mL centrifuge tube for 2 hours at 25°C in the dark. Milli-Q water was used as the reagent control. The incubations were run in triplicate. In the ELF-labeling procedure, the cell suspension was concentrated by gentle filtration, if the cell number per tube was less than 100 cells. Concentrated cells were recovered by soaking the filter in 5 mL of the filtrates. ELF-stained cells were observed under an epifluorescence microscope with DAPI filter set (Rengefors et al. 2001 ). Percentage of ELF-positive cells to the total number of cells (percentage of ELF-labeled cells) was calculated based on the absence or presence of the fluorescent green precipitate in each cell.
ELF-labeled cells of Karenia mikimotoi and Skeletonema costatum were visualized at a single-cell level in the microscopic observations (Fig. 1) . Green fluorescence from ELF was observed in the phosphorus-starved cells of K. mikimotoi and S. costatum but not in the phosphorus-replete cells. In the case of Chattonella antiqua and Heterosigma akashiwo, no ELF-labeled cells were found regardless of the phosphorusstate. ELF-labeled cells of K. mikimotoi were found in ϪP medium on and after day 9 when orthophosphate concentration was less than 0.02 mM (Fig. 2) . The percentage of ELF-labeled cells was 29% on day 9 and increased to 100% on day 18. AP activity was simultaneously found with ELF-labeled cells on day 9. After that, cellular AP activity increased to 11.5 fmol cell Ϫ1 min Ϫ1 on day 18. Both ELF-labeled cells (Fig. 1 ) and AP activity in S. costatum were first found on day 6 in ϪP medium (Fig. 2) . Orthophosphate concentration on day 6 was less than 0.02 mM. The percentage of ELF-labeled cells was 73% on day 6 and was saturated at 90% on day 10. After day 12, the percentage rapidly decreased to 6.1% on day 14. Cellular AP activity was found on and after day 6.
There were significant positive correlations between the percentage of ELF-labeled cells and cellular AP activity in K. mikimotoi (r 2 ϭ0.793, nϭ6, pϽ0.02) and in S. costatum (r 2 ϭ0.737, nϭ6, pϽ0.03) (Fig. 3) . No ELF-labeled cells or AP activity of C. antiqua and H. akashiwo were found in either the phosphate-replete or -limited media (data not shown). These results indicate that the ELF-labeling is significantly correlated with the AP activity of the marine phytoplankton regardless of the activity level in each species. Therefore, ELFbased assay is considered to be a promising tool for the detection of AP activity in individual species.
ELF-based assays have already been applied to field samples of phytoplankton in order to assess phosphorus-state at a single-species level (Dyhrman & Palenik 1999 Rengefors et al. 2001 Rengefors et al. , 2003 Štrojsová et al. 2003) . Presence and absence of ELF-labeled cells may represent the phosphorusstarved and not starved state of the AP-producing species, respectively. However, the present experiment shows that the cells of non-AP-producing species (C. antiqua and H. akashiwo) were not labeled with ELF regardless of the phosphorus-state. Therefore, it is possible that if a particular species does not produce AP, their phosphorus-state could be undetected by an ELF-based assay (Rengefors et al. 2001) .
In summary, the present results show that ELF-labeling reflects AP activity of AP-producing species in marine phytoplankton. Therefore, ELF-based assay is a suitable tool for the specific-detection of AP activity in individual species of marine phytoplankton. This tool will increase our ability to understand which species possess AP activity in diverse field populations of marine phytoplankton and how organic phosphorus contributes to the population dynamics of phytoplankton in coastal environments. 
